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Water extracts of Astragali Radix prevent lung carcinogenesis via inhibiting
PI3K/Akt pathway

LIU Xiao-min, LU Lin-lin, HUANG Yan-fang, LI Xiao-yan, LIU Zhong-qiu
International Institute for Translational Chinese Medicine, Guangzhou University of Chinese Medicine, Guangzhou 510006, China

Abstract: Objective To investigate the inhibitory effect and mechanism of the water extracts of Astragali Radix on lung cancer.
Methods The effects of Astragali Radix water extracts on cell viability, cell proliferation and cell migration of A549 and H1299 cells
were detected by MTT assay, EAU assay and wound healing assay, respectively. The effect of Astragali Radix water extracts on cell
cycle was detected by flow cytometry. Western blotting assay was used to study the expression of related proteins in PI3K/Akt
pathway. Finally, the effect of Astragali Radix water extracts on lung cancer in vivo was observed by benzopyrene-induced lung cancer
model. Results From the result of MTT assay, the activity of A549 and H1299 cells was inhibited after treated with Astragali Radix
water extracts after 48 h. In the EAU experiment, the proliferation ability of A549 and H1299 cells was significantly inhibited by
Astragali Radix water extracts in a concentration dependent manner. The study of propidium iodide staining assay result showed that
the cell cycle of A549 and H1299 cells was arrested in S phase. In addition, the study of wound healing assay revealed that the
migration ability of A549 and H1299 cells was significantly suppressed after 24 h and 48 h treatment by Astragali Radix water extracts.
And Western blotting assay revealed that, in drug treatment group, the protein expressions of PI3K, p-PDK1, and p-Akt were
down-regulated. Finally, in vivo experiment showed that Astragali Radix water extracts significantly inhibited the number and size of
lung tumor nodules in mice. Conclusion It is concluded that Astragali Radix water extracts can inhibit lung cancer. And the
mechanism may be related to the inhibition of PI3K/Akt signaling pathway.
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By AL RIS, BRI i B U R 1
HIHR 25 OISO, B8 Astragali Radix NG F
Y5 ¥ & Astragalus membranaceus (Fisch.)
Bge. var. mongholicus (Bge.) Hsiao B{EYEH EE A.
membranaceus (Fisch.) Bge. TR, AHAHE
AR — BFRERY, ERAATUNE
SELTHEAER BRI PR 4 B B B B2 & R T
R T &K EEREIRIT, e EHEE
TR B B IS LY 3-8 RE /R 3 O B
(PIBK/Ak®) {5 TIEEARN EE AL —, W
FE IR N R R LAF TG B i, ZERR R R AR
RIEHF R EELERE, PI3K/Akt 55 1H G LI A8
USRI A MG TE . IR AR A (R R R AN
HIAR AT, SR RRAE KRR BT RS
PIAE R 29 90% (1) =l /I 4H i fii Jes 4 Jf0 Ak A7 £
PI3K/Akt il (F0E, LL PI3K/Akt JEEE A 21
WP R RS2 B A . AW TR T B B /K 2
Xof KRN A il 4 A A 549 Rl H1299 395 4
JEHA M P e B ke 4k P A 8 /) BR R 0098 4
s FRIEER T PIBK/AKt 8BS HIR2M, A8 R
il e HH S  BVE T AR F LI SR 25
1 R
1.1 ZamAnid s

BRI CHRP=IE ), WETFTINE
B AR AR, i E bR B 2 B R
Fir B AL 0 78 0 %5 8 O 5l B I Astragalus
membranaceus (Fisch.) Bunge var mongholicus
(Bunge) Hsiao fJFJ#AR, FiFAr4 (20130601) 17
JF TN BEZ RS, RIF . MR (MTT) AN
“HEWHK (DMSO) KT Sigma-Aldrich 2 7] ;
EdU 4 fi 38 58 A8 P70 &0 17 M 1 A= R 4
AR 2w 5 24 A R 30 - e ke K R T 2
SREFEAR AT p-Akt 5 5@ BEPUARA &
PI3K — L ANAR X B /) — 470§ Cell Signaling
Technology /A & ; B-actin —Hi#J LT Santa Cruz 24
]; Western blotting #H %1071l 3£ T Bio-Rad A Fl;
HAh RS A T
1.2 X8

PerkinElmer VictorX3 % I REME bR, 3
Bio-Rad A #]; Leica DMI3000B/DF450C % {5 &
B, 2 Leica AW; BD FACSAria 1II Cell
Sorter AL, 3EE BD A7]; FluorChem E
System ECL fb22 & 64X, £E CB AF].

1.3 AP RFIALE T

A549 F1 H1299 20T R} B g A 85 53
YIRS L e, AR % T3 10%A62F g
1% % 255 R IAWY RPMI 1640 58 455773
i, BT 5% COs MmN 37 CIMEIREE R4,
R A o
1.4 SKIzh)

AT N, BEVE, AR 18~22 g, TR
SIS YL, B ERKIES 99612800000100,
ANERPRIFR T M R 24K 5 [ B A B 2 s AL B
WEFLHT SPF 20#) )55, S ah i -V aT kS SYXK
(H) 2014-0144.

2 Fk
2.1 FREKIZIHE

HUEE B 750 g5 BN 7 500 mL XFE/KIRH 1
h, IME 1 h)G, H 8 Zmgnt, IR,
P T HIZGE AN 6 000 mL WFE/K, B 30 min J5JE
i, W . A 2 IRATISUETR, IR YE % 750
mL, il % BAE L TREIR N | g/mL (13 /KT
GZ/KIRYHH & BESRTEM 0.193 4 mg/mL. FHEEH
H 029 mg/mL™), 73k, BEF-20 CLRAFEH.
2.2 BEEIKIZHIRGI 3 At 4 B A B2 N
221 MTT 2% BAKRS R4 TEH4EK
AR AS549 B H1299 4AfE, %HEREAL 8 X 103 M %
B, #RT 96 fLbd, B TEERE RSP IR,
fEARBINGRE . SR 5 DI NN R TR fE R 1 36 B /K 324
(0. 3.125. 6.25. 12.5. 25, 50. 100 mg/mL) ¥
ITHFR. BFR 8 h)a, AEEAME AR,
FLAIA 100 pL 0.5 mg/mL 1) MTT %, HET1E
IR FRM T, REEREE 4he L MTTIEW, 4L
BIA 150 uL DMSO, ME TR L, #BHEY 15
min. 7EZ IIREEEFR X FIE RO (4) E e
KN 490 nm).

222 EdU 525 HUERKRA RAFAETREE K
1) A549 5% H1299 4f, FZREREFL 8 000 112 B,

BeRh T 96 Ltk h, B FEERTFRA IR, A
WEE . ARG IO A AN R T B R B B K34 (0.

6.25. 12.5 mg/mL) WIHrlEsEFRIE, B TEEEIRMA
HRE R 48 he 4% EAU 2 B A A a7 S e B
BHTHAE, BJa OB S R .

223 AR KM A0 A B % AS49 B
H1299 40 LAREFL 1.6 X 105 I35 EEERNE 6 FLIK
b, FREFEERFRET. IREEE, FERIAM
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BEFEIE, INGHHEE I TE LI B R B 4k 2255 9% 24 he
I, RSB AR EIRE K (0. 6.25,
12.5 mg/mL) FURr 5577 515 5% 48 ho AR
FATRA B 75% BT 4 CLEE 12~24 he A4
R IS ST NE R BV, T 37 COKIR
HHEEEIFE 30 mine. AR NAH R B B K 488
nm AR AT (6985
224 RJRSCES FRAARET, H4HC SRR 6
LR B 211k 6 SR E B ML, MFEEAL, &
LB g 3 %2k, BBl 5.0 X 105 MW
M APLE 6 FLIRH, THIRESFRAR PRI R .
FEEIAEEFRE, H 10 pL Ak EE T 6 FLIR T H10
BELR AR RIJR. I PBS ¥aik 2~3 e, A
ToMERE 7R AL, fE7GH B WAsE T, 1l 0h
B 8] A A A RIRR I o SR 5 & AN )R Rk P B S
KW (0. 6.25. 12.5 mg/mL) [ TEILIE RS 77 FE Ak
TRARM, 4> BIREIE 24, 48 h 5, WELEFAIELIIR
AR REHRAIMRT TR, THEEAXR.
WEHF=24h 5 48 h RPYREEE —0 h RIJREE )0 h %I
JHLBE B
2.2.5 Western blotting S24 ¥ A549 B H1299 4
L LEEAL 1.6 X 10° AN 25 BE R0 AE 6 FLAR b, FFE
THHIREE AT . ARNEEE S, FEEIRREE R,
TN AR B B IR B 3 K 5EY (0. 6.25. 1225
mg/mL) [PPHTEERE FR AL 77 48 he TRIVAIMLE R,
F BCA & BEyENE &SR A . B HER
W ESUAH ) B O 2R L RE Y (30~50 pg) TNEEZEK
PL 120 V 2> & — it (], SR 5 % PVDF
JE, LA 300 mA FE E AR I . B A4 A% IS A] A2

150
100 T T

50- kokok

A549

RIS F3/%

1 T ] ]
X 3125 6.25 12.5 25 50 100
ISR/ (mg-mL™)

5 B AR A BB > S E . 90~120 min.
¥ PVDF JEA7E 5% BSA PR EL 5% W8 A+
FWRBH L h JFIMAMNE—PiT 4 CRIKME IS
Wo 2K, BUL—PHL, MAFMHERMK T =ERT
BEIRIE 1 he RUEEHTEE.
2.3 EEIKIEMIAR PR B /)N B A 20

IEHUHENE A/ /N 24 H,ip 100 mg/kg R IFEL
2 JHJG, SIBEEENLAY A 3 4. AR RN SR K $R
YK SR (2. 4 ghkg) A, BRI ig 45 T3
K, FEIKIRYIA ig 45T IR R KIEY
TRGU 1 IR, HES4Y) 28 . BH%8 R
ANER, HUA AN, AR R B I R 4 R
I 8 e (B S KN e NEREOM I, BOHT Rt 4.
SUETUK b, RIRTHEMR SR S, PR
BN SRR, @ BT T R B
[ B SR FH 0 TR R R E AR (R, FRR R
4nR?/3 AT IR R BB
24 BtEFERE

BT SEU6 45 SR ) SPSS 19.0 G it it 4T
Gt o, B x+£s Ron, ZAM B R
One-way ANOVA 7347 1512
3 H#R
3.1 EEIKIZMIRINT A549 F1 H1299 LRRAAYSS0R
3.1 RSN A549 F1H1299 4RARAIIGGY @it
MTT 525675 52 11 ) /K E-PIXT AS549 FTH1299 4 i
JIWIREM . B SEREE AT A, B ROKIEYAE A T 40
L 48 h 5, ARG XHIRL, 40 A KE 1832 E
ANAFEE RIS (B 1), BN /1K T 70%H}
IS BRI R R (6.25. 12.5 mg/mL) #H{T

150 H1299

o,

—_

(=3

[=}
1

B J1/%

50

1 1 T Ll
XHE 3125 625 125 25 50 100
H K/ (mg-mL™)

Lixtfagitbsc: " P<0.001, K2
**P <0.001 vs control group, same as figure 2
1 EHEKIRYIXT AS49 #1 H1299 A% KTEAHIFM (X t5,n=3)
Fig. 1 Effect of water extracts from Astragali Radix on viability of A549 and H1299 cells (X s, n =3)
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EdU 556 . EdU SEI045 R BoR i (e AR S 4i e,
SOTOCAEIEM N, SOTOLSEORGHE
BRI . XTSRS e R Bos, 3

A549

Hoechst
33342

EdU

Merge

it HRAIEY 6.25 mgmL ™ FEEIKIE) 12.5 mgmL! of R

FOKPEIREDS 525 1] AS49 A1 H1299 LMK H 50
61 (P<<0.001), H AR BEMRT A4 hE
(E2).

H1299

FE/KIE 6.25 mgmL ' FHE/KEEY) 12.5 mgmL !
404 y—— A549 100+ H1299
% 80 —_
< °
= < 604
o =ty 40 EEES
dkk
10+
20
0 T T T 0 T T T
X i 6.25 12.5 paict 6.25 12.5

F K/ (mg-mL ™)

HRIKIEY)/(mg-mL™)

2 EEKIRYIX AS549 A1 H1299 MADIEFERE IRIFNG (X100, X £5,n=3)
Fig. 2 Effect of water extracts of Astragali Radix on proliferation ability of A549 and H1299 cells (x 100, X £s,n=3)

3.2 HEEEKIRYI A549 F1 H1299 41 i & S PH v
£ S MRS IREE e S, AR 4
JiL AR 2 8 B AKARINT A549 F1 H1299 4 At & H R
s, S5 3. KR AT LIE N AS49 1
H1299 4ffukb+ S BARIANMECH , K20 A 3 BH
£ S 1 (P<<0.01. 0.001), H EA BRI,
3.3 FEHEKIRYAME] AS49 A1 H1299 40 KT
TR S0 25 5B BRI YINT A549 FTH1299 A
IR . ARIESEIR ST (B 4), EE/KIEY)
LEFRYEI 24, 48 h 5, SXHBALMILL, FEKEMA
YIMTREAE ST T (P<<0.01. 0.001), PiRHEEEEKIR
YIRENSAIH] A549 A H1299 4R A

314 TERKIEYFH KT PBBK/AKt 8% JE I
Western blotting 556 7% %2 3 B /K 24 PI3K/Akt i@

FEAHOCE ARIAK PR REm, SR WA 5. BEK
RYIEFT A549 R H1299 40fi0 48 h J&, HXHEL
FAEL, SRR T PISK. BB AL B IR UL A4k
MR S 1 (p-PDK1) FIBERRAL A 2 1 B4 HE B
(p-Akt) HEFRILACEFRRIE, SRIE 1. S
FKSE YD RE % BH T PI3K/Akt 18 1
3.2 EEKEYIXT/NR AN B EBAEE KA
FZRIEEHET A NRIEAR, TR
IKEEY) ig KbIE, LRy 28 JH, IR/ R
JrbRg S S /N BRI (B 60, SR LR,
T RKIEYRTIEA (2 ghkg) MEFIEL (4 g/kg)
JiiJR B B 25 > (P<<0.01. 0.001). iR f4FH 2
F/N (P<0.01. 0.001), 83 EKEVAE N
i) 70~ B e 50 e ) A A
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6001 600- 600 - 60- O /K 12,5 mgmL!
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A WM S M S —-4 NI
10X 105 2.0X 10° 0 1.0X10°2.0X10° 0 1.0X10°2.0X10° |_| n nﬂ
il o+ 11y T -1 1 e 0 :
= pagist HIC/KIEY 6.25 mg-mL FEKIEY 12.5 mg-mL GG, Gz/M
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807 :
50 600 500 xR
O EKIEY 6.25 mg-mL™!
40 400 400 < 604 o EE KR 12.5 mgrmL!
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S
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X i KW 625 mgmL™!  HE/KIEY 12.5 mgmL! 0 .
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Hxditbsc: “P<0.01 "*P<0.001, K4 d
P <0.01 *"P<0.001 vs control group, same as figure 4

B3 FEEKIZYIXT A549 F1 H1299 4RAEEHARIENG (X +5,n=3)
Fig. 3 Effect of water extracts from Astragali Radix on cell cycle of A549 and H1299 cells (X £s,n=3)

A549 H1299

pagiis BRI 6.25 mg-mL! B E/KEY) 12.5 mgmL™! pagiis BRI 6.25 mg-mL ! FE/KIE 12.5 mg-mL™!
A549 H1299
40— I 100- e, XTI
= s K 6.25 mg-mL™! CO K2 6.25 mg-mL™!
RS 12.5 mgmL! 80+ /K 12.5 mg-mL™!

30

20- sekok

EEE ’l‘ B 404

skokok
o] ﬂ ﬂ
0 T T 0 T T
24h 48 h 24 h 48h
4 EHEIKIEMIXT A549 71 H1299 BRITFERENRIENN (X 40, X +5,n=3)

Fig. 4 Effect of water extracts from Astragali Radix on migration ability of A549 and H1299 cells (x 40, X *s,n=23)
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A549 H1299

. L " o

p-PDK1 --- “-5.8X104N6.8><104

O T T e —— ———

M ———— s D S
Xt

pagist 6.25 12.5 6.25 12.5

KV (mg-mL ) KLY/ (mg-mL™")

5 FHEKIBIXT A549 F1 H1299 4AAE PI3K/Akt 1@ IR A TRk AV

Fig. 5 Effect of water extracts from Astragali Radix on protein expression of A549 and H1299 cells

R 1 A549 F1 H1299 4RBE PI3K/Akt BEEECHEMNRIAEE (X £5,n=3)
Table 1 Relative expression of each protein in A549 and H1299 cells (X X5, n =3)

- a5 pl BN RIAE
(mg-mL™") PI3K p-PDK1 Akt p-Akt GSK-3B

A549  XtHE — 1.9204£0.200  2.284+0.141 2.069+0.060  2.617+0.091 1.55040.183
B EKIEY) 6.25 1.5134£0.167°  1.678+0.109™"  2.061+0.028  2.024£0.060""  1.53540.115

12.50 1.44440.099°  1.700£0.116"*  2.070£0.036  1.73940.038"**  1.546+0.161

H1299 X} Hid — 1.291£0.211 1.252+0.173 1.163+£0.311  1.009£0.223 1.45340.252
B K Y) 6.25 0.703£0.107""  1.16940.080 1.168£0.104  1.207£0.218 1.450+0.197

1250 0.81340.133"  0.92240.085"  1.16020.040  0.060+0.020"*  1.471£0.126

SxtiEd ki *P<0.05 TP<<0.01 *P<0.001
"P<0.05 "P<0.01 *"P<0.001 vs control group

1203 <5 mm’ 23 5~10 mm’E@ >10 mm?

18+
k% kK
P - - ==
S
& 124 =
= =
g oo @ Hokok =
= 4 -1 £ _——- i
0 . . 0 Y T T
| 2 4 ] 2 4
BRI (g kg™) HRIKIEYI/(gkg™)

EROMAE . P<0.01 **"P<0.001
"P<0.01 ""P<0.001 vs model group

6 FEEIKEMX AT PNREFFHEMERRNE (X ts,n=8)

Fig. 6 Effect of water extracts from Astragali Radix on lung tumor of A/J mice in vivo (X X5, n=8)
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ey et /N S W SN e PN (B9 AP e L
#i GLOBOCAN 2012 4= [HE i ge vt £uds o, 4
HrHERE B 2N 1 406.8 T3, RJEIESE T 41N
820.2 J o M A s i 40 182.5 75, [AIHE
B AC T B E L8 159 73, LJEATE FERE R
JRRFBETRE 0, H S FEEFRICH 5.8%. K
YK Z B i B AR N R, BSEEE
T 80%JE T HE I, K& T AMEIFEARIRIT NS,
HAEEHH T . 0T By T 8 T R 2515970,

REEAPEZARE, BARRMER 25
W PALEEAIT IR TG NAE NI (16T
AT AR R e et £ 3 (107 2 A ROREIRUOT, 355
WRH, PR, PR 2 B RERERIE 2,
WIAERE, HERABSRIIERY . OIERY . Bt
W PUNELL DA, PRSI EERINL, #
e A VAR 9 I e ) B A S e A S gk
/N R F i 50 PR Jo RN i e A TR s XS AR A 5]
BT 58 2 B0 38 B 0ot 435 L P e 4 B AN P9 L5 400 i P 33
SRR O A HIER

PI3K/Akt {5 5l B &R N R E Bk 2 —,
FER G PI3K. PDKI1 Al Akt %5, PI3K J& T )5
HH, 5 PDKI1 45 ReiiE Akt, PDK1 HA
f b B Bk RE /), TR p-PDKI1 W REHE {1
Akt FIERR 1L . Akt 7F PI3K/Akt {5 S5 SaE k5
XA AT, HyF R p-Akt 7T LGE R BEER 10 1F
BRI R TR A AR E KR . GSK3B =2
PI3K/Akt & 5 IEES KA, &5 Akt HEAEHMT
WeEE A, EVEDRER R, S5 MR A G5
TERARZEE 2 A FE,  JFRe 0 g g i A 1
PI3K/Akt JEEE/E L2 MR A b mRIE, Wil
FUME. OPEE . FE AR, SWE. ReE
SRR S0 i T R R R R A R LR A IE SO,
— TR L EREREE IR 72 1) 100 {51 3E /I8 241 A it e 45
MR IR, PI3K M Akt 25 [ 78 [ifides 20 23 A i B
FIEZRIY W 51%H 23%, 1535 25 w5 TH R 5541
ZURBHMERIA SR . BAR TEUSIHEFL 59 BilHE/NH
i 4H 28 PI3K 2 FIPH T % 84.75%, 2R
FIEFFAE o 5 S0P SR T A /N4 i il 2H 2 o
PI3K f& Akt FE[RIZRIAIK, 45K EIR PI3K F1 Akt
FE R R IE KT R I S i T 552 21 2. Marinov
SRR I, TE S1%0FE /N A it £ R A A
T4% AR /INH et e 4 L R P 3 R AR ) Akt R

T LAY TR A R AL (mTOR) MIRERR1L .
MTT S50 3 B T 25 AR 05 772 0 4H i 5
PR 2 P 3R B R A S 1 I o« MITT IR AN
ATLR A& AL T IS, rT DL IR
G 50 Fie e 240 e P H BE A AR - MTT 288 2o
TR ISP AT LE AR SR il e R A e 3 5, ARt e
AT, BAA—efPuMeEtE. dt—2a
i EdU SEBet st R, 3 ek G2 T DL 2 )
A549 F1 H1299 4HARIIHGTERE ). elved 40 i i 5 5E
SRR VR i - e o T s P P 2 8 G BN D e i
FTRACTA e ey, 11 e T8 I =R ARSI T 7
IR BT A BRI 2, 25 SRR, SRR
REfig s A549 F1 H1299 20 i & WIBHHEE S 3.

JIti e D ST A R v AN AN 5 R T B B R 0
K, T HSHET AR 2R /1% VIR, G IR
b, RSB SETEARRM, REEELR
R FE R . i RR LI 42 | e KRR
it A PRI A% BE D I S2 e, R IR /KSR T LA
AN AS49 A H1299 4l fiT e ), FHEEIH
WA . 5 /Bt Western blotting 52546 X AL
IR TR I, SRS /KERPIPT LRI A549 F1 H1299
Yifar PI3K. p-PDK1 1 p-Akt &AL, Bk
PI3K/Akt JEH %

I PL AT, R KR RE ] AS49
HTH1299 4 f G FE RUE AL RE 77, K40 i HARH
WALE S W1, H.AeWENT PISK/AKt 30 EK A= I 1 ]
s R BRI K R — N2 R ZHRMZ IR
Z 583088, RS AL R NSRBI TR 1)
HEFE, A1E0E SR s r et 5t & 2
VISR AR R . REAE I R H RN A i
Z MR AL, (ER X R IMR A K R IR, S L
B, ARG G (AL, R A T R, X L
HAZ 5 N AR IRe 1) 4 2 AN () A 22 T i R P e e A
RS0 5880 25 e s 75
B, SR A B ) — 8k, EEPUMIRE
(TR S VAN, A R0 5 it 1 % 08 i IR A )
EGHLI T 25iRTT R, Rk, AL PR
RS, RHAZ B0 AR 5 K i Ay
HEH KRN ZBER, SR K, K
IR B AT AR LH, /) R0 e 25 =
D 44.4%, FEEIKSEY) IR A AR TR A,
/N BRI B R B ek > 22.2%,  H B EE KRR
RN TR A I RE A A BRI R R . £R B
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